Introduction: The aim of this study was to evaluate the usefulness of four variants of the Thyroid Imaging Reporting and Data System (TIRADS) in the differentiation of focal lesions in individuals with multinodular goitre. Materials and methods: The study was approved by the Local Bioethical Committee. Each patient gave informed consent before enrolment. A total of 163 nodules in 124 patients with multinodular goitre were evaluated by ultrasound. B-mode and PD imaging and strain elastography were performed. Archived images were evaluated via retrospective analysis using four different proposed TIRADS classifications. 
Introduction
Ultrasound imaging significantly increased the number of focal thyroid lesions detected, with the percentage reaching as high as 67% of the population [1] . However, the percentage of malignant lesions in this cohort is less than 10%, regardless of whether the detected lesions are solitary nodules or in a multinodular goitre [2, 3] . At present, there is no common system for risk stratification of thyroid nodules based on ultrasound images although several classification strategies have been proposed. The present study examines these strategies.
Systematic categorisation of focal thyroid lesions by risk of malignancy has been performed for the last eight years. The goal of this categorisation is to improve communication with clinicians for the purpose of nodule management via imaging follow-up, cytological analysis, or pathological verification.
The Thyroid Imaging Reporting and Data System (TIRADS) was initially presented in 2009 by two independent teams [4, 5] . TIRADS refers to the well-known and widely applied Breast Imaging Reporting and Data System (BIRADS) used to describe focal breast lesions in X-ray mammography, magnetic resonance mammography, and ultrasound imaging to estimate malignancy risk and the need for further diagnostic management [6] .
Among numerous published studies, four variants of TIRADS classification [4, 5, 7, 8] have been widely analysed by research teams [9] [10] [11] [12] [13] [14] , with findings indicating a high potential for the differentiation of thyroid nodules. Despite the literature evaluating the diagnostic parameters of these classification systems, to our knowledge there is no such evaluation in patients with multinodular goitre. Such patients pose a serious challenge to the investigator due to the frequent complexity of ultrasound images. As such, recommendation of the lesions for further cytological verification or ultrasound follow-up is difficult.
The goal of the present study was to evaluate the utility of the four variants of TIRADS classification proposed by Horvath, Park, Kwak, and Russ et al. for the differentiation of focal lesions in individuals with multinodular goitre.
Material and methods
We conducted a retrospective analysis of images obtained from 124 consecutive patients with multinodular goitre, who were referred for thyroidectomy because of compression symptoms, cosmetic defects, suspicion of thyroid cancer, or hormonal disorders. The group consisted of 110 women and 14 men. Analysis of this material and procedure was previously described [15] . During an ultrasound examination the dominant nodules, based on ultrasound features, were selected [15] . A total of 163 dominant nodules, including 16 papillary cancers, were evaluated. The mean age of the women was 54 years (range 24-78) and the mean age of the men was 57 years (range 23-79). Analysis of ultrasound data included application of four TIRADS classifications. The study involved patients with multinodular goitre, who were scheduled for thyroidectomy (because of: compression symptoms, cosmetic defect, diagnosis or suspicion of malignancy, and hormonal imbalance). Selection of the suspicious nodules for the analysis with ultrasound techniques (B-mode, Power Doppler, strain elastography) included any combination of the following thyroid nodule ultrasound suspicious features: shape taller than wide, low echogenicity, irregular margins, high echogenicity foci, and dominant nodule by ultrasound features in the ultrasound presentation of nodular goitre [16] [17] [18] . In each case, the diagnosis was ultimately based on histopathological examination.
Horvath TIRADS [4]
The Horvath method of TIRADS classification was based on 10 thyroid nodule ultrasound patterns, based on B-mode and Power Doppler (PD). A specific TIRADS category was assigned to each nodule depending on the particular ultrasound pattern (Table I) . Patterns distinguished included three types of colloidal lesions, a nodule in the course of Hashimoto disease, simple neoplastic pattern with thin borders, a nodule in the course of de Quervain disease, a suspected neoplastic pattern, and three malignant patterns (A, B, and C) where C is a pattern of cancer confirmed by cytology.
Park TIRADS [5]
The Park method of TIRADS classification uses five categories (TUS 1-5), where each category is based on the formula below:
) where e = 2.71828..., and "z" is calculated using the following equation accounting for numerous nodule characteristics: Z = -2.862 + 0.581X 1 -0. 
Kwak TIRADS [7]
The Kwak method of TIRADS classification is dependent on a number of suspicious features, such as solid nodule, low or very low echogenicity (if the nodule echogenicity was less than the surrounding strap muscles), irregular or lobular margins, microcalcifications, and vertical nodule shape (taller than wide). The number of suspicious features is used to classify each nodule: TIRADS 3 -0 (no suspicious features), TIRADS 4a -1 (one suspicious feature), TIRADS 4b -2 (two suspicious features), TIRADS 4c -3 or 4 (three or four suspicious features), and TIRADS 5 -5 (five suspicious features).
Russ TIRADS [8]
The Russ method of TIRADS classification consists of five categories (1) (2) (3) (4) (5) , where category 4 is subdivided in 4a and 4b. The assignment of a nodule to each category is based on the features described in Table II .
The Russ TIRADS classification was the first to include elastography. As such, we also used strain elastography to evaluate the utility of this method. However, as in the original paper, due to the poor reproducibility of elasticity index (EI), strain ratio (SR) was used in the analysis.
Equipment
Examinations were performed with a Toshiba Aplio XG scanner (Japan), with a high-frequency (7-18 MHz) linear transducer. Classical B-mode imaging was enriched by spatial compound imaging and differential tissue harmonics. The examination also included Power Doppler (PD) imaging. For evaluation of the Russ TIRADS classification, which relies on elastography, images obtained on strain elastography and strain ratio were used.
Statistical analysis
Statistical analysis was performed using the original statistical program STATISTICA 10 (StatSoft Inc.). For each classification, descriptive measures [sensitivity, specificity, positive predictive value (PPV), negative predictive value (NPV), accuracy, and risk ratio with 95% confidence interval] were calculated and results are shown in Table III . Receiver operating characteristic (ROC) curves were used to assess the diagnostic value of each TIRADS classification, giving an area under the curve (AUC) value with 95% confidence interval (CI) and associated significance level (p-value). Area under the ROC curves was compared for each classification (Table III) .
Results

Descriptive statistics
ROC analysis
In further analysis, values of area under the ROC curves were compared to determine whether the results for each classification differed. In all cases, the results were significant (p < 0.0001, Table IV (Table IV) . Results of the ROC curves for the tested TIRADS classifications were compared in all combinations (Table V) . Results for the Kwak TIRADS classification were significantly different from results for the Horvath (p = 0.0268) and Russ (p = 0.0044) TIRADS classifications. Moreover, significant differences were observed between the Park 'white knight' -representative of numerous hyperechoic round pseudo-nodules with no halo or central vascularisation; 'nodular hyperplasia' -representative of isoechoic confluent micronodules located within the inferior and posterior portion of one or two lobes usually avascular and seen in simple goitres [8] [15, [19] [20] [21] [22] . Additionally, grey-scale imaging of focal lesions is simpler and cheaper than newer techniques, which require greater experience, more expensive equipment, and, in cases where microvascularisation is assessed, additional costs associated with the contrast agent. Unfortunately, a unified lexicon that clearly categorises tumour malignancy risk based on ultrasound features and provides guidelines for further decision making regarding routine follow-up or cytological or histological verification is missing. As such, the combination of cytological evaluation, with its limitations, and ultrasound continue to be used as basic diagnostic tools [14, 23] . Several different versions of TIRADS classification have been described in the literature, although only four such tools have been examined extensively enough to serve as a starting point for the present analysis. Horvath et al. [4] published the first prospective study to cite 10 ultrasonographic patterns of focal thyroid lesions. Unfortunately, these standards do not cover the entire spectrum of lesions that may be present in thyroid nodules, especially multinodular goitre, making this classification more difficult to use in daily practice. Importantly, the results presented by Horvath differed from those obtained in the present study. Sensitivity, PPV, and accuracy were lower 0.625 vs. 0.88, 0.227 vs. 0.49, and 0.775 vs. 0.94, respectively. In contrast, specificity and NPV were higher at 0.769 vs. 0.49 and 0.95 vs. 0.88, respectively. The same year, a second retrospective study from Park et al. was presented [5] proposing use of a formula for calculation of TIRADS classification. Despite similar promising diagnostic parameters in the original paper and our study (sensitivity 0.813, specificity 0.864, PPV 0.394, NPV 0.977, and diagnostic accuracy 0.859), the formula proves too complicated for use in daily practice. A retrospective study published by Kwak et al. presented a more practical and interesting approach for TIRADS classification based on analysis of suspicious ultrasonographic features of thyroid nodules [7] . Diagnostic parameters in multinodular goitres using the Kwak TIRADS classification in our study were as follows: sensitivity 0.938, specificity 0.667, PPV 0.234, NPV 0.99, and diagnostic accuracy 0.693. Kwak et al. also noted that solid nodules that were considered suspicious actually had a low malignancy risk (0.036), while lesions presenting microcalcifications or lobular margins had a higher malignancy risk (0.109 and 0.127, respectively). Additionally, the presence of microcalcifications or lobular margins alone had a higher malignancy risk compared to solid or hypoechogenic nodules (0.068-0.093), making this method limited by a potential increase in the percentage of false positive cases.
PPV -positive predictive value, NPV -negative predictive value, ACC -accuracy, RR -risk ratio,CI -confidence interval
The final TIRADS classification analysed was presented by Russ et al. [8] and included four suspicious ultrasonographic features initially proposed by Kim et al. [16] with the addition of a fifth element, namely solid structure and mild hypoechogenicity (defined as more hypoechoic than the surrounding gland but less than strap muscles [8] ). It is also the only classification that includes optional elastography. In our study and the original publication, strain elastography was used. Table III and reported previously by Moon et al. and Migda et al. [15, 24] . These authors showed clearly that grey-scale with elastography has poorer results for distinguishing benign from malignant nodules compared to single grey-scale assessment. Unluturk et al. also suggested a lower sensitivity and specificity for elastography to discriminate 
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benign from malignant thyroid lesions [25] , unlike in other publications [26, 27] . On contrary to these works, Gietka et al. and Wolinski et al. suggested the usefulness of real-time elastography (RTE) and shear wave elastography (SWE), respectively, in selecting nodules to FNAB [28, 29] . Ultimately, the best classifications of multinodular goitres proved to be those presented by Park and Kwak with TIRADS AUCs of 0.872 and 0.896, respectively. The first classification (Park) has better specificity, PPV, and diagnostic accuracy and gives lower false positive rate, which could potentially decrease rates of unnecessary biopsies. On the other hand, the Kwak classification had higher sensitivity and NPV and a lower rate of false negative results, which could potentially lower the rate of missed malignancies (Table III) . Poorer results of the TIRADS variant including elastography may be related to the features of multiple nodules in multinodular goitre. The heterogeneous elasticity of the whole thyroid gland due to multiple nodules may influence the elasticity index and elasticity strain ratio of the evaluated dominant nodules.
Comparison of the diagnostic utility of the TIRADS variants based on ROC parameters indicates that Kwak TIRADS classification results differ from those presented by the Russ and Horvath TIRADS classifications, but it does not differ from the Park TIRADS classification. Park TIRADS classification results differ significantly from the Russ TIRADS classification, suggesting that the Kwak and Park TIRADS classifications provide better discrimination of thyroid nodules in multinodular goitre (Table V) .
It is important to note that there is no available unified and universal lexicon describing focal thyroid lesions. Cited authors used generally known naming, but some differences were present. For example, in the case of hypoechogenicity, terminology is uncertain. Kim suggested that a lesion is "very hypoechogenic" when echogenicity is lower than the echogenicity of strap muscles. Park et al., Russ et al., and Kwak et al. used the same definition, but relative echogenicity comparison depends on muscles structures. It can differ and depends on age group. Furthermore, "mildly echogenic" as proposed by Russ is sometimes controversial and questions remain regarding where the border between hypoechogenic, mildly hypoechogenic, and very hypoechogenic lies. The literature also delivers many definitions for microcalcifications, such as tiny, punctate hyperechoic foci with or without acoustic shadows [16] ; round, sometimes linear, and tiny punctuations [8] ; and hyperechoic foci < 0.5 mm diameter without acoustic shadowing [5] . As such, none of the evaluated classifications was based on an approved and generally accepted lexicon for focal thyroid lesions. In 2015, the American College of Radiology proposed a lexicon for reporting thyroid focal lesions [30] , which to date has not been used in any publications regarding TIRADS. Such standardisation of reports may in the future enable more precise comparison across studies.
This study has some limitations. First, this is a retrospective study. Second, there was relatively small number of lesions, with significantly small number of malignancies. However, the percentage of malignancies in the study is compatible with the percentage of malignancies usually found in the population with multinodular goitre. Nonetheless, this study needs further evaluation in a larger group of nodules.
Additionally, we could not exclude patient selection bias as it was necessary to have a final histological result, but we found it ethically inappropriate to qualify patients with cytologically confirmed benign lesion without any other clinical indications for thyroidectomy. Fourth, study restrictions precluded analysis of nodules other than those dominant by ultrasound features. However, from a practical point of view, such selection is the only practical solution and is advocated by numerous guidelines [18, 31, 32] . This approach resulted in the identification of all cancers with foci larger than 3 mm in diameter on histopathology examination from the entirety of the multinodular goitre material. Fifth, this study did not include any type of thyroid cancers other than the most common papillary cancer. Other thyroid cancer types, such as follicular cancer, are less commonly found and often have ultrasound features unique to those seen with papillary cancers. Such cancers will require more studies to assess the suitability of TIRADS for their detection. Sixth, the utility of strain elastography in cases with nodular goitre can be controversial due to the very small volume of representative parenchyma, which limits its diagnostic potential, especially for strain ratio, due to insufficient volume of the normal parenchyma. From a technical point of view, independent, absolute parameters determining the tissue stiffness in m/s or kPa in shear wave elastography, which is also more operator independent, could be more useful. Additionally, shear wave could be superior to strain elastography, particularly in struma nodosa cases because the technique requires no normal thyroid tissue for reference. However, evidence in the literature suggests that addition of shear wave elastography to B-mode did not significantly improve diagnostic parameters for the differentiation of thyroid lesions [21] .
Conclusions
Considering the performance of each TIRADS classification evaluated suggests that the Kwak TIRADS classification may be a useful tool in daily practice for the evaluation of thyroid cancer in multinodular goitre, particularly to select cases that require biopsy, improving and simplifying decision-making for clinicians. The next steps should include prospective multicentre research including less common types of thyroid cancer, fine-tuning, and use of clear definitions in the lexicon, and development of a universal system for thyroid tumour ultrasonographic evaluation and classification (comprehensive TIRADS variant) with potential for universal, practical application.
